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INTRODUCTION. 
Two varieties of microbe have been shown to exist in cultures of the 
rabbit septicemia bacillus (1).  These organisms have been designated 
as Types D  and G.  Type D  is the microbe invariably obtained at 
necropsy of rabbits dying from natural  infection.  Type  G  appears 
after artificial culture has been carried out for some time.  It was 
important to determine whether the two varieties coexist in cultures 
isolated from infected rabbits, or whether Type G arises by mutation 
from Microbe D.  Much of the work on mutation of bacteria has been 
criticized because of failure to employ pure-line strains, that is to say, 
cultures arising from single organisms.  Since the primary isolations 
of Microbe D  were made from colonies which conceivably might arise 
from two or more organisms, it would be unjustifiable to conclude that 
the original Type D  had changed into the microbe of the  G  variety. 
Consequently,  the experiments about to be reported were performed 
with pure-line strains isolated  from a Type D  culture by the Barber 
method (2). 
Differential Characteristics of Microbes D  and G. 
These have been given in detail in a  preceding communication (1) 
but will be briefly summarized here. 
Type D is very virulent for rabbits, grows  diffusely  in liquid media, and yields 
smooth fluorescent colonies on serum agar.  The acid agglutination optimum lies 
between pH 3.5 and pH 3.0 (Michaelis-Beniasch  buffer series (3)). 
Type G is of very low virulence for rabbits, exhibits granular  growth in fluid 
media, gnd grows in the form of slightly irregular, translucent, non-fluorescing 
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colonies on serum  agar.  Its  acid  agglutination  optimum lies  between  pH 5.0 
and pH 3.5. 
There  is  no  noticeable  morphological  difference  between  the  two  varieties. 
Their  fermentation  reactions  are indistinguishable.  Immunization  and  agglu- 
tination absorption experiments indicate that they are antigenically homologous. 
Method of Detection  of Microbe  G in Cultures in Which Microbe 
D Predominates. 
This is made comparatively easy by the striking difference in ap- 
pearance of  the  colonies on streaked  serum agar  plates,  especially 
when the latter are held at certain angles before artificial light. 
The  tube  of liquid medium supposed to  contain the mixture of 
Types D and G is thoroughly shaken in order to bring into suspension 
clumps of Type G  which may possibly have sedimented.  A  large 
a  b  c 
TExT-FIo. 1, a  to c.  Diagrammatic sketch of the method of streaking serum 
agar plates. 
platinum loop of the material is then streaked over the surface of 10 
per cent rabbit serum agar in Petri dishes of 15 cm. diameter. 
The loop is then sterilized, and successive streaks are made at right 
angles to the first one and starting from it.  Then, without sterilizing 
the loop, it is passed across these second streaks and parallel to the 
original one.  The resulting growth will  therefore have  a  checker- 
board appearance.  The growth is heavy in the upper left-hand comer, 
the point where the loop was first applied.  It will be much scantier 
in the lower right-hand comer.  The successive stages of the opera- 
tion are shown in the diagrammatic sketches in Text-fig. 1, a to c. 
The result may be seen in Fig. 1.  In this figure the Type D colonies 
can be  readily detected,  though in  the minority.  They are white 
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The comparative scantiness of the colonies in the lower latitudinal 
streaks makes it possible to make rough quantitative estimates of the 
relative proportion of the Type D  and G colonies. 
Isolation of Pure-Line Strains. 
The rabbit  septicemia bacillus  is  rather exacting in its  nutritive 
requirements,  and  it is  necessary to make fairly generous seedings 
during routine transplant.  As a  result, difficulty was at first experi- 
enced in  obtaining positive  cultures by the Barber  method.  This 
was overcome by performing the entire operation in undiluted rabbit 
serum.  The cultures used for fishing had been incubated in undiluted 
rabbit serum for 3 hours.  Minute drops of these young cultures were 
placed in the usual manner in the Barber cell, examined by oil immer- 
sion lens, and when found to contain single organisms, fished to undi- 
luted rabbit serum, and incubated.  The percentage of positive cul- 
tures obtained by this method is relatively high.  On the other hand, 
in plain or serum broth the results are very unsatisfactory. 
EXPER  TMENTAL. 
The following observation led to the experiments about to be pre- 
sented.  Several strains of Microbe D, isolated at necropsy from rab- 
bits  dead  of bronchopneumonia, were carefully purified  as  follows: 
A 6 hour serum broth culture was diluted in broth to 10  -8 cc. of the 
original.  Plates in serum agar made from this dilution usually showed 
from two to five colonies.  One of these was fished to serum broth, 
and as soon as a  cloud appeared (about 6 hours)  the dilutions were 
again made and 10  -8 cc. plated as before.  This process was repeated 
four times in all.  The young cultures used for these dilutions showed 
few or no  clumps.  The high dilutions--10  -8,  10  -7,  and  10  -e  cc.-- 
when plated, yielded numbers of colonies that increased in direct pro- 
portion with the lowering of the dilution.  That is to say, 10  -s plate, 
2  colonies; 10  -7 plate,  19  colonies;  10  -e plate,  205  colonies.  These 
considerations make it certain that at some, and probably at each time 
during  the  fishing process  a  colony was  obtained  arising  from one 
organism. 
The  Type D  strains  so  purified  were  now subcultured  daily  in 
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on 10 per cent rabbit serum agar in the manner just described.  Care- 
ful inspection for Type G  colonies was made.  From  the  twentieth 
to the twenty-fifth passage, these began to make their appearance in 
small mtmbers in the plain broth series.  None could be demonstrated 
in the plates made from undiluted serum. 
One tube of the plain broth series which had shown no Type G col- 
onies was allowed inadvertently to stand for 4 days at room tempera- 
ture.  It  was  then  streaked,  and  large  numbers  of Type  G  forms 
appeared  on  the  serum agar  plate.  None were present  in  a  4  day 
serum  culture  of  the  same  Type D  strain.  The  Type  G  colonies, 
subcultured from the plain broth plate, bred true to type and showed 
all of the characteristics previously described.  It was concluded that 
an undoubted mutation of the original Type D  strain had occurred. 
Eight  pure-line  strains  were  then  obtained by the  Barber method 
and  the following experiments  made,  to  determine,  if  possible,  the 
conditions favoring and inhibiting the D  --, G transformation. 
Experiment 1.  D  ---, G Mutation in Plain Broth, Serum Broth, and  Undiluted 
Rabbit Serum.--O.05 co. of a 6 hour undiluted serum culture of Microbe D, pure~ 
line, was inoculated into  three large test-tubes  containing 10 co. respectively of 
undiluted  rabbit serum, 5 per cent rabbit serum broth,  and plain  broth.  The 
tubes were placed in the incubator  at 37°C., and streaked on serum agar plate* 
by the method just described, at intervals covering a period of 109 hours.  The 
plates  were incubated  for  24 hours  and  then  inspected  for  the appearance  of 
Type  G  colonies.  The  serum  culture  used  for  inoculation  was  streaked  and 
observed  to  contain  only  Type D.  The  result  of the experiment is given in 
Table I. 
The result of Experiment  1 ,indicates  that  the ageing of a  culture 
plain broth causes Microbe D  to change into Type G.  The addition 
of a small amount of serum does not greatly inhibit this change.  On 
the other hand, undiluted rabbit serum has a very marked inhibitory 
effect. 
All of the pure-line strains under study have been found to undergo 
this  mutation  when  allowed  to  age in plain  broth,  but do  so with 
varying rapidity and completeness.  The Type G colonies, fished into 
plain  broth  or undiluted  serum,  remained  true  to  type indefinitely. 
They showed no tendency to revert to the parent D  form even when 
transplanted continuously in undiluted rabbit serum, a medium which 
is antagonistic  to the original  change. PAUL  H.  DE  KRUII~  565 
It was thought that it might be possible to demonstrate mutation- 
enhancing properties  in plain  broth  cultures  of  Microbe  D.  The 
following experiment examines this question. 
Experiment 2. Effect of Type D  Culture Filtrates  on the Mutation Rate of Mi- 
¢robe D.--A  pure-line strain of Microbe D  was planted into  a  series of flasks 
containing  plain  broth  (pH 7.4).  These  were  incubated  at  37°C.  After 6, 
24, 48, and 72 hours, a flask was removed, centrifuged, and filtered through small 
Berkefeld candies.  The filtrates upon test proved to be sterile.  A slight change 
in reaction had occurred, the 6 and 24 hour filtrates giving pH  7.1,  the 48 hour 
pH 7.0,  and  the  72  hour  pH  6.9.  The  filtrates were  now  divided into  two 
TABLE  I. 
D  --* G Mutation in Plain Broth, Serum Broth, and Undiluted  Rabbit Serum. 
Strain  used. for  Medium. 
inoculation. 
Undiluted 
rabbit  se- 
rum. 
0.05 cc. of  5  per cent 
6  hr.serum  serum 
culture;  broth. 
pure-line 
strain; 
Type D. 
Plain broth. 
9 
hrs. 
D 
Proportion of Types D and G. 
24 
hrs.! 
36 
hrs. 
D 
48 hrs. 
i 
D 
i  " 
+  few 
G. 
60 hrs. 
D 
cc 
+ few 
G. 
72 hrs. 
D 
+2G. 
D 
+  mod- 
erate 
number 
of  G. 
85 hrs. 
D 
-~ SeVo 
eml G. 
D 
+ 
many 
G. 
109 hrs 
D 
"  +G 
(about 
70:30). 
D+G 
(about 
50: 50). 
parts, half was tit.rated back to  pH  7,4  with  0.1  ~r  NaOH, the remainder  was 
left without  treatment.  10  cc. of each filtrate were placed in large test-tubes. 
These tubes were now seeded with 0.05 cc. of serum culture of pure-line strain, 
Type D.  Controls, consisting of similar amounts of sterile broth incubated for 
6  and for 72  hours,  and of undiluted rabbit serum, were similarly seeded.  All 
of the tubes were now incubated at 37°C., and streaks made on serum agar plates 
at intervals up  to  7  days,  10  hours.  Growth  occurred in  all of  the  filtrates, 
although a considerable lag period was evident in those of 48 and 72 hours.  The 
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A  glance at Table II shows that the expectation of the discovery 
of  conditions  enhancing  mutation was  not  verified.  In  fact,  the 
opposite property is  seen to be present in  the  6,  24,  and 48  hour 
filtrates.  Contrary to expectation, the number of Type G  colonies 
arising in the 6 and 24 hour filtrates was extremely small, and  com- 
paratively few appeared in that of 48 hours.  In the 72 hour filtrate 
the mutation rate paralleled that of the control broth.  The mutation 
had reached 50 per cent or more in 176 hours.  In undiluted rabbit 
serum no Type G colonies appeared at any time during the experiment. 
Early filtrates from Type D  cultures exhibit a markedly antagonistic 
action to the mutation.  Little or no difference is to be observed be- 
tween the  72  hour  filtrate of  reaction pH  6.9  and  its  companion 
tube,  which had  been  titrated back  to  pH  7.4.  It would appear 
that the slight change in reaction has no effect upon the mutation. 
Many of the Type G colonies were subjected to the differential tests, 
and proved in all cases to be authentic Type G cultures.  They did 
not revert to Type D. 
An effort was now made to discover, if possible,  the constituents 
of plain broth that encourage the D --, Gmutation.  Plainbeefinfusion 
was the first of these elements subjected to test.  The beef infusion 
was prepared in exactly the same way as in the preparation of plain 
broth.  It was  titrated  to  pH  7.4.  The  only difference between 
it and  the plain broth  ordinarily used was the absence of peptone 
(Fairchild's) and of Na2HPO4,  which is added for buffer purposes. 
Experi/ment 3.  D  --* G Mutation  in Beef Infusion and Other Media.--O.05  cc. 
of a serum culture of a pure-line strain, Type D, was seeded into large test-tubes 
containing respectively 10 cc. of 6 hour  Type  D  filtrate,  of  plain  broth,  of 
5 per cent rabbit serum broth, of beef infusion, of 5 per cent rabbit serum-beef 
infusion, and of undiluted rabbit  serum.  The  material used for seeding was 
streaked on serum agar plates and proved to contain only Type D  microbes. 
The plain broth was made up from the beef infusion used in the  experiment. 
All of the tubes were placed at 37°C. in the incubator and tested by streaking 
on  serum agar  plates  at intervals  up  to  18  days.  The  results  are  given in 
Table III. 
Table III indicates that beef infusion is very unsuitable to the D  --~ 
G change.  In 228 hours, frequent streaking of 10 per cent serum agar 
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a considerable mutation had taken place.  The process, therefore, can 
take  place  in  this  medium,  but  is  undoubtedly  greatly  retarded  in 
comparison with the mutation occurring in plain broth.  It is interest- 
ing to note that in the beef infusion-serum mixture, only one Type G 
TABLE  III. 
D  ~  G Mutation in Beef Infusion and Other Media. 
Proportion of Types D and G. 
Tube No. 
Period of 
incubation 
at  37"C.  1  2  3  4  5  6 
Beef  5 per cent  Undiluted  6 hr. Type  Plain broth.  5 per cent 
D filtrate,  serum broth,  infusion,  serum-beef  infusion,  serum. 
]IY$. 
12 
24 
36 
52 
84 
96 
120 
144 
173 
197 
228 
days 
18 
D 
~c 
D  +3G 
"  +  few 
G. 
"  +  few 
G. 
"  +  few 
G. 
D 
D 
4C 
~C 
D +  fewG. 
D +  moderate 
number of G. 
D +  many G. 
D+G 
(70:30). 
D+G 
(3o:7o). 
D+G 
(30: 70). 
D+G 
(40:60). 
D  +  moderate 
number of G. 
D 
D+IG. 
D 
D +many 
•  G. 
D +many 
G. 
D 
D 
c~ 
c~ 
D+IG. 
D 
D--FG 
(95:5). 
D 
~c 
D+IG. 
D 
D 
c~ 
c~ 
4~ 
D  +  few 
G. 
colony was observed over a  period of 18 days.  The 6 hour  Type D 
filtrate showed its usual inhibitory activity.  This was the same filtrate 
as  that used in Experiment 2.  It had been kept in  the ice box  for 
9 days after that experiment.  In undiluted rabbit serum  no Type G 
colonies were observed for 228  hours.  A  few were revealed by the 
examination  after  18  days.  This  indicates,  again,  that  the  process PAUL  H.  DE  KRUIF  569 
D  --*  G  takes place in a  variety of media,  but that  the tendency is 
far more marked in some than in others. 
A further interesting fact is to be observed in Table III.  It will be 
noted that in Tube 2 (plain broth) the proportional number of Type G 
colonies reaches a maximum after 173 to 197 hours, is less in 228 hours, 
and far less after 18 days.  This is also true of the serum broth (Tube 
3).  This phenomenon has been observed many times and its analysis 
is demanded.  The great decrease in the relative number of Type G 
colonies must be due  to  one  of two  causes.  Either  the mutant  G 
forms die off more rapidly than do the parent D microbes, or an equilib- 
rium is established  in  the  tubes  which  results in a  tendency of the 
newly mutated Type G  to revert to the original Type D.  Such re- 
version has never been noted in subcultures made by fishing Type G 
colonies.  On  the  other hand,  it is  conceivable that  an  equilibrium 
might be set up in the original reaction tube. 
TABLE  IV. 
D  ---,  G Mutation in 2 Per Cent Peptone (Fairchild's). 
Period d  incubation at 37°C., krs.  15  30  48  72  96 
Proportion of Types D  and G.  D  D  +  3  D  D  D  +  G 
G.  (40:60). 
134  146  183 
D  +few  D  D 
G. 
The striking retardation of D  --~ G mutation in beef infusion led to 
the examination of peptone as a possible factor in the hastening  of the 
process..  Preliminary experiments indicated that it was necessary  in 
order to obtain growth to seed relatively large amounts  of Microbe 
D  into the peptone solutions. 
Experiment  4.  D  .--* G  Mutation  in  2  Per  Cent  Peptone  (Faimhild's).--The 
peptone solution was made up in distilled water and titrated to reaction pH 7.4. 
A large test-tube containing I0 cc. of this medium was then seeded with 0.5 cc, 
of a  I0 hour  culture  of pure-line  strain,  Type D, in peptone.  The  tube was 
incubated  at 37°C. for 183 hours and tests on serum agar plates were made at 
intervals dusing this time.  The result is given in Table IV. 
Marked  mutation  is  seen  to  occur in  peptone  solution,  and  the 
phenomenon of a  decrease in the number of Type G colonies after a 
maximum is strikingly manifest in this experiment. 570  MUTATION  OF BACILLUS  0]~. RABBIT  SEPTICE~IIA 
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The next experiment dealt with the effect of various concentrations 
of peptone on the process.  A stock solution of 20 per cent Fairchild's 
peptone was prepared and titrated to pH 7.4. 
Experiment  5.  D  ~  G  Mutation  in  Various  Concentrations  of Peptone  (Fair- 
ckild's).--Eight  large  tubes were prepared  containing respectively  20 per cent 
peptone  solution  undiluted,  20  per  cent  peptone  solution  diluted  to  varying 
degrees with beef infusion, beef infusion alone, plain broth,  and undiluted rabbit 
serum.  The pH of all of these media was 7.4.  They were seeded with 0.1 cc. 
of a pure-line strain of Microbe D, 6 hour culture in rabbit serum, which showed 
only Microbe D when streaked on serum agar.  The tubes were then placed  in 
the incubator  at 37°C. and streaked  on serum agar  plates  at intervals  up to 
8 days.  The results of the experiment are given in Table V. 
Table V shows in a very striking manner the marked effect of high 
concentration of peptone on the mutation.  The process occurs much 
more  rapidly  than  is usually the  case in plain  broth,  and,  what  is 
more, in the case of 20, 10, and 5 per cent peptone, goes much nearer to 
completion.  That is to say, the mutation instead of involving 30 to 
40 per cent of the organisms, reaches  90 per cent  and  in  some cases 
arrives almost at completion.  On the other hand, the tubes with very 
low concentrations  of peptone or with beef infusion alone and with 
undiluted  rabbit serum show a very few Type G  colonies during the 
entire period of the experiment  and in the last two tests proved to 
contain  nothing  but Type D.  The  decrease in  relative  number  of 
Type G  colonies is again strikingly apparent in Tubes 2 and  3,  192 
hour test. 
It cannot be said that the presence of the peptone causes the mu- 
tation D  --~ G, since the change occurs occasionally, though only to a 
small  extent,  in beef infusion  and  in undiluted  rabbit  serum.  But 
it is certain  that  the presence of peptone in suitable concentrations 
greatly accelerates a reaction toward which a tendency already exists. 
It is interesting  that four pure-line strains,  kept on ice in undiluted 
rabbit serum for 3  months  without passage,  showed no evidence of 
the appearance of Type  G  colonies when subsequently transplanted. 
Some preliminary  experiments  have  been made  in  regard  to  the 
effect of varying CH+ of the medium upon the D --- G process.  These 
of course are limited by the range within which good growth occurs; 
i.e.,  about  pH  8.5  to  pH  6.0.  The  results  would  indicate  that 572  MUTATION OF BACILLUS OF RABBIT SEPTICEMIA 
reaction of pH  6.0 distinctly retards the process, while it is, if any- 
thing, accelerated in reaction pH 8.5. 
DISCUSSION. 
Great  confusion  exists  among  bacteriologists  in  regard  to  the 
meaning of the term mutation.  Its use in application to the experi- 
ments just described is considered to be entirely justified in the light 
of the definition of Dobell  (4),  who speaks  of it  as  "a permanent 
change--however small it may be--which takes place in a bacterium 
and is then transmitted to subsequent  generations."  The  Type  G 
colonies arising in these experiments, and  subcultured to undiluted 
rabbit  serum, were frequently tested for the characters that distin- 
guish them from the parent Type D.  The mutant G forms were found 
in every case to possess little or no virulence, to grow in a  granular 
fashion in fluid media,  and  to  possess  an  acid  agglutination point 
distinctly different  from  that  of  Type D.  All of these characters 
persist throughout many passages in undiluted serum, a  medium in 
which  the  original  change  seldom,  if  ever,  takes  place.  It  would 
seem that if a so called atavistic reversion were to take place, it would 
certainly occur in undiluted serum.  This has never been observed. 
The majority of authentic examples of bacterial mutation has been 
concerned with gain or loss in fermentative power.  We refer here 
only  to  work  performed with  pure-line  strains.  Among  these  re- 
searches, the investigations of Benecke (5) and Kowalenko (6) deserve 
to be mentioned.  These investigators found that Massini's  (7)  Bac- 
terium coli mutabile gained the power of splitting lactose when culti- 
vated in this sugar and that this power persisted indefinitely.  The 
work of Mtiller (8) in regard to Bacillus typhosus is of a similar nature 
as is  that of Burri  (9)  with Bacterium imperfectum.  It would seem 
that the D  --~ G process just described involves a much more funda- 
mental change in the bacterial cell.  The distinct difference in acid 
agglutination optimum is a remarkably regular occurrence.  It is in 
the nature  of a  physical  constant for  each  type  and  would imply 
an important change ill the protoplasm of the organism.  It is  cer- 
tain that this phenomenon is not confined to the hemorrhagic septi- 
cemia group,  of which the rabbit  septicemia bacillus  is  a  member. 
Varieties showing granular growth character have been discovered in PAUL H.  DE ~UIF  573 
typical  cultures  of  paratyphoid  organisms by  Krumwiede (10),  of 
Bacillus dysenteri¢e  Shiga by Arkwright (11) and Zoeller (12), and in 
cultures of Bacillus coli by Gratia (13).  The way in which these have 
arisen has not been taken up by these authors, but it is quite certain 
to be found of a nature closely akin to the process just described. 
ST~m~AI~X Am~ CONCLIISlONS. 
Type G microbes, discovered in pure cultures of the rabbit septi- 
cemia bacillus, have been demonstrated to arise from the parent D 
form by mutation. 
The D  --~  G mutation takes place in broth  cultures of pure-line 
strains of Microbe D, when these are kept for several days without 
transplant at 37°C., or at room temperature, or in the ice box. 
The mutation is greatly inhibited by filtrates from 6 and 24 hour 
cultures of Microbe D, and to some extent by filtrates from 48 hour 
cultures. 
The process of transformation takes place to a very slight extent or 
not at all in undiluted rabbit serum, but Type G colonies subcultured 
to this medium do not revert to the parent D form. 
The D -~ G change is strongly inhibited ill cultures made in simple 
beef infusion, or in 5 per cent rabbit serum-beef infusion. 
Peptone would seem to be the constituent of plain broth which 
favors the process.  In high concentrations of peptone, the mutation 
is rapid and may reach a degree of 90 per cent of the total organisms 
in 5 to 6 days. 
A distinct maximum of the relative number of Type G colonies  as 
compared to the parent Type D  is observable ill plain broth and in 
some concentrations of peptone, when these are kept at 37°C.  for 
some days without transplant.  Subsequent tests show the concen- 
tration of Type G microbes to diminish. 
The change in acid agglutination optimum exhibited by the mutant 
G forms implies a distinct change in bacterial protoplasm and would 
seem to be one of the most fundamental mutations so far described. 574  M'UTATI01~ OF  BACILLUS OF  RABBIT SEPTICEMIA 
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EXPLANATION OF PLATE 38. 
F~G. 1.  10 per cent rabbit serum agar plate showing  mixed culture  of  Mi- 
crobes D  and G.  Type G preponderates and has a  grayish appearance.  The 
Type D colonies are white.  The arrows indicate type D  colonies. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XXXV.  PLATE 38. 
Fro.  1. 
(De Kruif:  !Viutation  of bacillus of rabbit septicemia.) 